SUPERELLIPTIC BROADBA-ND TRANSITION BETWEEN RECTANGULAR AND CIRCULAR WAVEGUIDES Tove Larsen
This paper is concerned with the construction of a short, gradual transition between the dominant modes of a rectangular and a circular waveguide as shown in Fig. 1 . 
H10-MODE

H11-MODE
Such transitions are needed, for example, for coupling from rectangular waveguides to rotary vane attenuators or to rotary phase shifters,, and they are required to have low reflections and to be broadbanded. These properties have been obtained by making the transitions rather long with a linear change of the cross section so that the transition becames smooth.
Another approach has been to make the transitions short and stepped in an optimum way, and cross sections like the ones shown in Fig. 2 have been suggested [1] , [2] , [3] , and same of them. used. -fZ
The purpose of the investigation reported here and gradual transition by applying the superelliptic shown in Fig. 3 . xn an was to make a short -cross section, as n bn By means of three parameters (the exponent n and the semiaxes a and b) the shape of this curve may be changed continuously between any rectangle and circle.
Exanples of various superellipses are shown in Fig. 4 . When the exponent n approaches infinity the rectangular form is obtained; for n equal Tove Larsen is withthe Laboratory of Electromagnetic Theory, Technical University of Denmark, Lyngby, Denmark. to 10 the rectangle has rounded corners; for n equal to 2 the superellipse becanes a normal ellipse, for n = 1 a parallelogram and for n less than one an asteroid. The concept may be extended to negative values of n, too [4] .
n=10
The superellipse, which is a 2 special type of Lamg curve, was introduced by Lame in 1818 [5] , and has since then occasionally been discussed by authors of geanetrical textbooks 1 \~t [6]* However, it does not seem to Q6~h ave been applied for technical purposes until 1960, when Heim [7] suggested the use of a superellipse in The possible application of superelliptic shapes in solving problems within electromagnetic theory is suggested. Theoretical work within electromagnetics has for a long time been confined to circular, elliptic, square and rectangular shapes because of the separability conditions. With the camputer-aided solutions now available, it should be possible to investigate other shapes, and the superellipse formulation covers many shapes by a few parameters in a rather clear way.
The first simple attempt to apply the superellipses was the construction of the transition, to be described here, between rectangular and circular waveguidesa problem, the geometry of which seems to be suitable for application of these curves.
The basic criterion for the design of the transition is the same as was used for the stepped transitions [1] , [2] , namely to let every cross section have the same cut-off frequency in order to make the transition broadbanded. For this purpose, the cut-off frequencies of superelliptic waveguides were ccamputetL using a computer program based on the finite differences' method. This program was described by Pontoppidan [8] at this conference. The results are given in Fig. 5 , which shows the cut-off wavelength of a superelliptic waveguide with the major axis equal to unity as a function of the minor axisor the ratio between minor and major axesand with the exponent n as a parameter. Fig. 5 with the axis ratio s equal to 0Q44 (= 0.9/0.4) and an ex- 
AC
1.7-2
In order to make a gradual transition, these two points should be connected with sane smooth curve, which may be reasons, and need not be the best fran an electrical point of view. It is chosen so that the cross sections have their largest dimension at the same angle from the major axis in order to be sure that all dimensions of the transition are increasing fram the rectangular to the circular end.
Next the dimensions of the cross sections given by the points of the curve ABwhich is valid for cross sections with the major axis equal to unitywere multiplied by the ratio between the cut-off wavelength of the rectangular waveguide and the cut-off wavelengths read in Fig. 5 , thus determining the major axes so that every cross section has the same cut-off wavelength.
The next step was to decide the variation of the cross sections with the length coordinate of the transition instead of the axis ratio applied in Fig. 5 . It was chosen to let the minor axis of the superellipses vary as a raised cosine, which gives the curves of Fig. 6 for the parameters of the superelliptic cross sections as a function of a normalized length coordinate. The actual length of the transition was quite arbitrarily chosen to be 3.5 cm, which is almost the same as the length of the stepped transformers mentioned before [1] , [2] . In Fig. 7 ing curves for the two short stepped c2m 2.0 Design transitions [1] , [2] in Fig. 9 . This 2b curves clearly shows that the stepped transi- ---<This will be investigated more closely. Another problem will be to construct a transition between rectangu-1.O |, v + _ l_ fo lar and elliptic waveguides along the 0.8 0.9 l0 t. 12 same lines. The superelliptic wave- Fig. 9 .
guidecross sections might also become valuable in the design of overmoded systems, where it is of even greater importance that all changes are very gradual.
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